The cardiorespiratory effects of raising patients from the supine to the sitting position for neurosurgery were investigated. The change caused marked decreases in cardiac index, stroke volume, Pa Ol and Qs/Qt, with a significant increase in (PA 0 , --Pao,) and total peripheral resistance. It is concluded that patients who maintain normotension in the sitting position do not necessarily have an adequate circulatory status.
Although the sitting position for neurosurgical operations has always been controversial (Millar, 1972) , this position is used occasionally in the Dundee Neurosurgical Unit. As there is little data on the acute cardiorespiratory changes that may occur when a patient is raised from the supine to the sitting position, we investigated these changes.
PATIENTS AND METHODS
Six male patients, free from respiratory or cardiac disease, with ages ranging from 50 to 62 yr, were investigated. Three underwent cervical laminectomy and three division of the trigeminal nerve.
The patients were pre-medicated, 1 h before surgery, with papaveretum 15 mg and atropine 0.6 mg i.m. and anaesthesia was induced with thiopentone 250-300 mg and fentanyl 0.1 mg. Pancuronium 6 mg was administered to produce neuromuscular blockade. The larynx was sprayed with 4 ml of 4% lignocaine, and after intubation of the trachea the lungs were ventilated with 60% nitrous oxide in oxygen using a Cape Waine ventilator. Fi Oi was 0.4, sampled about 5 cm above the carina (Servomex oxygen analyser). Anaesthesia was supplemented every 30 min with increments of fentanyl 0.5 mg and pancuronium 2 mg.
After the induction of anaesthesia a Teflon cannula was inserted to the radial artery. A catheter was inserted to the right atrium and its position was confirmed by x-ray. The zero point for the arterial and atrial pressures was the level of the right atrium, taken as the mid-axillary line in the supine position, and the fourth interspace anteriorly in the sitting position. Arterial pressure and right atrial pressure were obtained from the intra-arterial and central venous cannulae respectively (Bell and Howell transducers). The electrocardiograph was monitored continuously and heart rate obtained. These measurements were displayed on a heated stylus recorder (Devices MX4). Cardiac output was determined with a dye-dilution method utilizing a Waters DR702 cardiac output computer.
Arterial and mixed venous Po 2 , Pco 2 and pH were obtained from suitably calibrated electrodes (IL 313) and the results were corrected for any temperature difference between the patient and the electrode system. The haemoglobin and oxygen saturations were measured with an IL 182 co-oximeter.
The oxygen content was calculated from:
O 2 content (ml dla )= Hb x 1.39 x 5a O2 +0.003 x Pa 02 (Hb = haemoglobin concentration (gdl" 1 ); Pa Oi is expressed in mm Hg).
PA OI was calculated using the ideal alveolar air equation: (Nunn, 1963) . After bandaging the legs from the toes to the groin, the patients were raised slowly into the sitting position over a 10-min period while the arterial pressure was recorded continuously. In the sitting position the patient's legs were elevated to about 3-5° above the horizontal. After 5 min in the sitting position, cardiac output was measured again at 5-min intervals for 15 min. Immediately after the last cardiac output measurement, arterial and mixed venous blood samples were obtained.
Mean values were calculated from the measurements obtained of the individual patient's cardiac index, stroke volume, c.v.p. and mean arterial pressure in both the sitting and the supine positions. These results were then analysed using the two-tailed Student's t test.
RESULTS
The change from the supine to the sitting position caused marked decreases in cardiac index, c.v.p., stroke volume, -Pa 02 and Qs/Qt ratio. There were significant increases in (PA 02 -Pa Oa ) and the total peripheral resistance (table I) .
DISCUSSION
Although the sitting position is associated with two main problems-hypotension and air embolismthere was no evidence of either of these complications in any of the patients studied. As superior operating conditions are obtained with IPPV as opposed to spontaneous breathing, the former is used with the sitting position in the Dundee Neurosurgical Unit (Martin, 1970) , despite a reported increase in the risk of air embolism (Hunter, 1962) . Although the mean arterial pressures were maintained in all these patients after the change from supine to sitting position, both the cardiac index and stroke volumes were decreased markedly. The right atrial pressure decreased markedly after the change in position and this may reflect a similar decrease in left atrial pressure.
In all these patients, the change from the supine to the sitting position resulted in a decrease in cardiac output, a low pre-load to the myocardium and a high total peripheral resistance. This is similar to the circulatory changes that occur in the hypovolaemic but normotensive patient. Although bandaging the legs from toes to groin did not prevent the circulatory changes, the use of a G-suit may help to maintain cardiac output in these circumstances. Although there were marked decreases in cardiac output and stroke volume, a compensatory tachycardia did not develop. This may be because fentanyl has a vagotonic effect on the myocardium (Freye, 1974; Wen-Shri et al., 1976) .
TABLE I. Measurements in six patients (mean and SD). t = two-tailed Student's t test
Using the same minute and tidal volume in each patient after the change to the sitting position, there were no changes in Pa C02 . Although an accurate measurement of physiological deadspace was not made, it is probable that large changes did not occur. However, there were marked decreases in Pa Oa when the patients were raised to the sitting position. As Fi 02 was maintained constant and as Qs/Qt decreased after elevation to the sitting position, the decrease in the Pa 02 appeared to be a result of the decrease in cardiac output. Although there was a decrease in Qs/Qt which occurs with a reduced cardiac output (Smith, Cheney and Winter, 1973) , the decrease in Qs/Qt did not compensate to maintain normal arterial oxygenation. Increasing the inspired oxygen concentration may marginally increase Pa Oa of the blood, but if more than 40% oxygen is necessary, other anaesthetic agents may be required to prevent awareness. If halothane is used, then direct myocardial depression may increase the difficulty in maintaining normotension (Prys-Roberts et al., 1972) . There is little doubt that a patient who has been raised to the sitting position for a neurosurgical procedure has major changes in his cardiorespiratory status. By reducing the pre-load to the myocardium, a low cardiac index develops. If normotension is maintained, as was the case in all the patients studied, total peripheral resistance increases. The haemodynamic changes are similar to circulatory changes that occur in hypovolaemic but normotensive patients. Careful monitoring of both arterial and venous pressure is absolutely essential. Not only is arterial blood-gas analysis important, but useful information about the cardiac output can be obtained from the oxygen content of the mixed venous blood. Certainly it should not be assumed that a patient who has remained normotensive in the sitting position has an adequate circulatory status and anaesthetists should try to dissuade their neurosurgical colleagues from using the sitting position for neurosurgical procedures.
EFFETS CARDIORESPIRATOIRES DE LA POSITION ASSISE POUR LA NEUROCHIRURGIE

RESUME
On a fait des recherches sur les effets cardiorespiratoires constates sur les malades que Ton redresse de la position couchee pour passer a la position assise aux fins de neurochirurgie. Le changement provoque des diminutions marquees de Pindice cardiaque, du volume systolique' de la Pa 0 , et du Qs/Qt ainsi qu'une augmentation significative de la (PhQ t -Pa 0> ) et de la resistance peripherique totale. On en a conclu que les malades qui maintiennent une normotension dans la position assise n'ont pas necessairement un etat circulatoire adequat. 
